Introduction
Human T-cell leukemia virus type 1 (HTLV-1) is the causative agent of at least two human diseases, namely adult T-cell leukemia (ATL) (Poiesz et al., 1980; Hinuma et al., 1982) and a degenerative neurological disorder known as tropical spastic paraparesis/HTLV-1 associated myelopathy (TSP/HAM) (Gessian et al., 1985; Osame et al., 1986) . In addition to the common retrovirus structural genes gag, pol and env, HTLV-1 encodes at least two additional regulatory genes, tax and rex, which are crucial for viral gene expression and pathogenesis (Cullen, 1992) .
The Tax protein of HTLV-1 is a potent transactivator of viral gene expression (Cann et al., 1985; Felber et al., 1985; Fujisawa et al., 1985) and is capable of immortalizing human T lymphocytes in vitro (Grassmann et al., 1989; Tanaka et al., 1990) . Tax is a 40 kDa nuclear protein that activates viral transcription through an enhancer element (Tax responsive element: TRE) consisting of three 21 bp repeats located within the HTLV-1 LTR (Sodroski et al., 1984; Felber et al., 1985; Brady et al., 1987; Paskalis et al., 1986) . TRE has been further divided into three domains, A, B, and C (Fujisawa et al., 1989; Montagne et al., 1990) . The B domain contains a CRE (cyclic AMP response element)-like sequence (TGACG) which is reported to be essential for Tax-mediated transactivation (Fujisawa et al., 1989; Giam and Xu, 1989) . In addition to transactivating the HTLV LTR, Tax has been shown to activate several cellular genes such as interleukin 2, interleukin-2 receptor, granulocyte-macrophage colonystimulating factor (GM-CSF), vimentin and the HIV LTR via the NF-kB enhancer element contained in their promoter/enhancer sequences, as well as the c-fos proto-oncogene via the serum responsive element (see review by Yoshida, 1994) . Tax has also been shown to repress the expression of DNA polymerase b, which is important for the repair of damaged DNA . Extracellular Tax also displayed transactivation activity, and was shown to promote DNA binding activity of the transcriptional factor NF-kB (Lindholm et al., 1990) . Transgenic mice expressing the Tax protein from the HTLV promoter have been shown to develop mesenchymal tumors, neuro®bromas and Sjogren's syndrome .
Since Tax does not bind to DNA directly, it has been proposed that Tax activates the HTLV-1 LTR and other genes by interacting with cellular proteins that bind to these enhancer elements (Giam and Xu, 1989; Suzuki et al., 1993; Zhao and Giam, 1992) . Using the electromobility shift assays, Tax has been shown to directly interact with CREB/ATF family proteins (Franklin et al., 1993; Wagner and Green, 1993; Zhao and Giam, 1992) which bind to the 21 bp enhancer of HTLV-1. Tax has been shown to induce the DNA binding anity for NF-kB (Leung and Nabel, 1988) , interact with NF-kB p105 and IkB-g through the ankrin motifs and releasing NF-kB proteins from IkB complex (Suzuki et al., 1995; and see review by Yoshida, 1994) . The association of Tax with the serum responsive factor (which binds to the CArG box) have also been demonstrated (see review by Yoshida, 1994) .
In a search for additional host proteins potentially pertinent to the function of Tax in leukemogenesis, we screened a cDNA library derived from activated peripheral blood lymphocytes for Tax binding proteins. A positive cDNA clone was identi®ed to be ATF-4, a member of the ATF family not previously shown to interact with Tax or activate Tax-mediated transcription. We further showed that ATF-4 directly binds to Tax both in vivo and in vitro in the absence of the 21 bp repeat enhancer DNA, and facilitates Tax transactivation of the HTLV LTR. Thus ATF-4 may play an important role in gene regulation by Tax.
Results

Molecular cloning and characterization of a Tax binding protein
Using the yeast two hybrid system, a cDNA expression library derived from human PBLs was screened using Tax protein as a bait. The cDNA of Tax was cloned in frame into the yeast vector pGBT9, downstream of the GAL4 DNA binding domain (DBD). Out of 1610 6 colonies screened, only two transformants grew on plates lacking his, leu and tryp and strongly activated the expression of the lac Z gene. These two cDNA clones remained positive through secondary and tertiary screenings. In order to examine whether the proteins encoded by these cDNAs interact speci®cally with the target protein (Tax), plasmid DNA was isolated from the positive histidine prototrophic transformants and co-transformed with the corresponding Gal4-DNA binding domain plasmid (pGBT9) lacking Tax cDNA, or with control vectors fused with other oncogenic or retroviral proteins, including p53, HIV-1 Tat and Vpr, and HIV-2 Nef. All failed to activate lac Z expression, indicating that the observed binding of these two proteins with Tax was speci®c (Table 1) .
Using the 5' and 3'¯anking primers of yeast activation domain vector (pGAD10), the two positive cDNA clones were sequenced at both the 5' and the 3' junctions. A GeneBank search revealed that both of these clones are closely homologous to activating transcriptional factor-4 (ATF4)/TXREB67 (Tsujimoto et al., 1991) , with alignment beginning at 79 and 157 amino acid of the 52 kD protein respectively. The ORFs of the two clones encode overlapping polypeptides of molecular mass 28 and 40 kD, both utilizing the yeast activation domain AUG codon and terminating at a stop codon that precedes a short untranslated sequence. Therefore, these cDNA clones represent N-terminal truncated ATF-4 genes (ATF4D1 ± 79 and ATF4D1 ± 157). The complete ATF4 coding region was then ampli®ed from cDNA prepared from H9 cells and cloned into the yeast pGAD10 vector.
ATF-4 binds to Tax in vitro
To demonstrate the direct interaction between Tax and ATF-4, we performed binding studies between recombinant Tax and ATF-4 proteins in vitro. The Tax cDNA insert was cloned in frame into the GST plasmid for expression of the GST-Tax fusion protein.
We also created two GST-ATF-4 fusion protein expression plasmids: one containing the full length ATF-4 sequence and the other containing an ATF-4 sequence lacking the ®rst 471 bases (D1 ± 157). Transformation of these plasmids led to the expression of two GST-ATF-4 fusion proteins of the expected sizes ( Figure 1a ). We then tested the cleavage of GSTTax and GST-ATF-4 by thrombin under dierent conditions (data not shown). GST-Tax was uncleavable, whereas GST-ATF-4 could be cleaved into GST and ATF-4. Cleaved ATF-4 was exposed to GST-Tax beads, and the bound protein was eluted and analysed on sodium dodecyl sulfate polyacrylamide gels followed by Western blot. As shown in Figure 1b , ATF-4 bound to GST-Tax but not to GST alone. The truncation of the ®rst 471 bases of the ATF-4 sequence did not aect the binding to GST-Tax (Figure 1b) . These results indicate that the binding domain which interact with Tax is localized at the C-terminal end of the ATF-4 protein.
Delineation of the domains of ATF-4 and Tax involved in the interaction
The activation domains of Tax are poorly de®ned, since single mutations at discontiguous sites have been found to completely abolish Tax activity (Smith and All the Tax and ATF-4 plasmids were constructed and transformed into yeast as described in Materials and methods. Four days posttransformation the transformants were subjected to b-Gal assay. The transformants graded for b-Gal activity is as follows. (+++) dark blue: denotes strong interaction and the colonies turned blue after 0.5 h; (+) blue: weak interaction and the colonies turned blue after 2 h; and (7) white: no interaction and colonies remained as white even after 24 h Figure 2 Mapping the functional domain of ATF-4 that interacts with the Tax protein, and the homology between the binding domains (b-ZIP) of ATF-4, ATF-1, ATF-2 and ATF-3. Plasmids ATF-4 (WT), ATF-4D1 ± 79, ATF-4D1 ± 157, ATF-4D1 ± 266 express the C-terminal polypeptides containing 272, 194 and 85 amino acids; ATF-4D364 ± 1053, ATF-4D526 ± 1053, ATF-4D787 ± 1053 express the N-terminal polypeptides having 121, 175, and 265 amino acids respectively. The ATF-4 amino acids that diverge from other ATF proteins were shown in outline and underline: (*) indicates the leucine repeat and the identical amino acids were shown in bold Green, 1990; Semmes and Jeang, 1992) . In order to map the region of Tax that interacts with ATF-4, we took advantage of Tax mutants that were described previously (Semmes and Jeang, 1992) . We have selected three groups of mutants: those defective for transactivation of both HTLV-1 LTR (via the 21 bp repeat enhancer) and HIV-1 LTR (via the NF-kB element) (S10-A, S274-A, H41-43, Y18-R62), of HTLV-1 LTR alone (C29-S, P316-A, L320-G) or of HIV-1 LTR alone (H41-43, H43-Q, S160-A). All these mutants have been shown to localize to the nucleus (Semmes and Jeang, 1992 Figure  2 ). In contrast, none of the ATF4 mutants deleted at C-terminal end interacted with wild type Tax ( Figure  2 ). The ATF-4D1 ± 266 encoded peptide contains a basic domain and a leucine zipper, regions potentially important for DNA binding and protein ± protein interaction ( Figure 2 ). These results indicate that the precise binding domain which interacts with Tax is localized in the C-terminal 85 amino acids.
Localization and co-localization of ATF-4 with Tax in human cells
To examine the localization of ATF-4, we constructed a GFP-ATF4D1 ± 157 fusion protein expression vector, since no dierence was found in either Tax binding or transactivation of the HTLV LTR between this truncated gene and the full length ATF-4 (Figures 1, 2, 4 and Table 2 ). PCR ampli®ed GFP coding sequence was cloned in frame upstream of the ATF-4D1 ± 157 gene in the pGAD10 vector, and a fragment coding for the GFP-ATF-4D1 ± 157 fusion protein was subcloned into the pcDNA expression vector. HeLa cells were transfected with this vector and 48 h post-transfection, cells were examined under the confocal microscope. Even distribution of green¯uorescence in the nucleus (Figure 3b ) con®rmed that ATF-4 is a nuclear protein.
In order to investigate the distribution of Tax in the presence of ATF-4D1 ± 157 by indirect immunofluorescence, we cotransfected the Tax expression vector and GFP-ATF-4D1 ± 157 into HeLa cells and 48 h posttransfection cells were stained with Tax antibody. As shown in Figure 3a , Tax also localized in the nucleus, consistent with the previous observations (Semmes and Jeang, 1992) . Moreover, co-localization of Tax and ATF-4 was visualized in these cells in vivo, as shown by the yellow color (Figure 3e ) resulting from the merging of the green¯uorescence (GFP-ATF-4D1 ± 157) ( Figure  3d ) and red staining (rhodamine) of Tax (Figure 3c ).
ATF-4 enhances Tax-mediated transactivation
To explore the functional signi®cance of interaction between ATF-4 and Tax, we expressed the ATF-4 cDNA under the control of the pcDNA-3 vector (Invitrogen) and studied its eect on Tax-mediated transactivation in undierentiated F9 cells in cotransfection assays. These cells were used because they express low or undetectable levels of AP-1 and/or CREB/ATF transcription factors (Chiu et al., 1989) . Increasing concentrations of ATF-4 cDNA alone did not increase expression from the HTLV-1 LTR (data not shown). However, co-transfection of 3 mg of ATF-4 cDNA in conjunction with Tax expression vector resulted in an approximately sevenfold increase in transactivation of the HTLV-1 LTR CAT reporter gene (Figure 4 ). ATF-4 in the antisense orientation did not have any eect either in the presence or absence of the Tax expression vector. ATF-4D1 ± 157 cDNA exerted a comparable enhancement of Tax transactivation as the full length ATF-4 cDNA. ATF-4 had no eect on other TRE-less promoters such as HIV-1 and cytomegalovirus promoters (CMV) (data not shown). These results suggest a cooperative interaction between Figure 4 Eect of ATF-4 expression on the HTLV LTR transactivation in cotransfection assays. Forty-eight hours posttransfection 200 mg of cell extract was used to perform the CAT assays as described in the Materials and methods. The fold of transactivation was quantitated by counting (in a scintillation counter) the spots cut from the TLC plate. In all these assays, 2 mg of HTLV LTR CAT, 1 mg of Tax, 3 mg each of ATF-4, ATF-4 (t=D1 ± 157) and ATF-4 (a=antisense) expression plasmids were used
Tax and the C-terminal region of ATF-4. We were not able to see an eect of ATF-4 on HTLV LTR CAT expression in HeLa cells in the presence of Tax expression vector probably due to the high level of endogenously expressed ATF-4 in these cells.
Discussion
The ATF proteins are a family of transcriptional factors that function by forming dierent homo-and heterodimers. They contain a leucine zipper involved in dimerization immediately downstream of a stretch of basic amino acids involved in DNA binding. Although all ATF proteins bind to the same DNA site, it has been speculated that dierent ATF proteins selectively bind to ATF sites within dierent promoters. Several members of the ATF-1/CREB family have been shown to bind to the Tax responsive elements (TRE) in the presence of Tax through their basic and leucine-zipper (bZIP) domains (Wagner and Green, 1993; Perini et al., 1995) . Tax has been shown to promote dimerization and increase the DNA binding activity of several bZIP proteins (Wagner and Green, 1993; Perini et al., 1995) . Additionally, ATF-3 has also been shown to interact with Tax (Low et al., 1994) at the cAMP responsive element of the human proenkephalin gene. All these studies show the indirect association of Tax with the ATF/CREB proteins through the formation of ternary complexes on the enhancer elements. In this study, we identi®ed ATF-4 as a protein that speci®cally binds to the HTLV-1 transactivator protein Tax and plays an important role in Tax transactivation. ATF-4 contains an atypical basic region which diverges from most bZIP proteins at several residues (Hai et al., 1989) . ATF-4 is also identical to TAXREB67, previously identi®ed based on its ability to bind to the enhancer element present in the HTLV LTR (Tsujimoto et al., 1991) . However, Perini et al. (1995) speci®cally noted that the DNA binding activity of ATF-4 was not Tax responsive. In contrast, our results showed that Tax not only interacts directly with ATF-4 both in vivo and in vitro, independently of the HTLV-1 enhancer, but it also signi®cantly increases Tax transactivation in F9 cells. Our Mapping studies indicated that the carboxy terminus of ATF-4 (which contains the bZIP region) is the critical domain for the interaction with Tax, and deletion of 266 amino acids at the N terminus of ATF-4 did not impair the interaction. These observations are in agreement with other studies showing that the b-ZIP region of ATF-1/ CREB protein is essential for mediating Tax activity (Wagner and Green, 1993; Perini et al., 1995; Bantignies et al., 1996) , but inconsistent with the results of Low et al. which suggest the amino-terminus of ATF-3 was able to mediate Tax transactivation (Low et al., 1994) . Tax mutants that fail to transactivate HTLV LTR CAT (Semmes and Jeang, 1992) also abolished the formation of complex with ATF-4. These results indicate that the functional domain of Tax that recognizes ATF-4 may be the same as those involved in transactivation, and suggest that ATF-4 binding may be important for Tax activity. It has been shown that the amino acids between 134 ± 197 of Tax are involved in the formation of the TRE-ATF-1-Tax ternary complex (Bantignies et al., 1996) .
The lack of interaction between ATF-4 and the Cterminal mutants of Tax (316 and 320) could be due to conformational changes conferred by this mutation. Analysis of CAT expression in cotransfection assays revealed that the co-expression of Tax with ATF-4 in F9 cells led to a 5 ± 7-fold increase in CAT activity in comparison to expression of Tax alone. Interestingly, the N-terminal truncated ATF-4, which lacks the transactivation domain, also yielded comparable increase in transactivation, suggesting that transcriptional activation was exerted by Tax, and ATF-4 may serve as an adapter between Tax and TRE. The results of our experiments suggest that Tax interacts with TRE through a B-ZIP region of ATF-4 and play an important role in Tax-mediated transactivation. The interaction of Tax and ATF-4 in vivo in mammalian cells is further supported by the colocalization of both proteins as visualized by confocal microscopy. Indirect association of Tax with enhancer DNA through bZIP proteins appears to be a common mechanism for the transcriptional regulation of viral and cellular promoters by Tax.
Materials and methods
Construction of plasmids
Yeast plasmid pGBT9 which expresses the GAL4 DNA binding domain (amino acids 1 ± 147) was obtained from Clonetech (Palo Alto, CA). Using the forward and reverse primers of Tax, we ampli®ed the wild type and mutant Tax cDNAs (gift from KT Jeang) . Then cloned into the EcoRI and SalI sites of pGBT9 plasmid (pGBT9 Tax). pGBT9 Tat, pGBT9 Vpr and pGBT9 Nef-2, that contain the HIV-1 tat, vpr genes and HIV-2 nef gene respectively, were generated using the same strategy used for Tax. PCR ampli®ed Tax cDNA was cloned between the BamHI and EcoRI sites of the GST plasmid to generate the GST-Tax fusion plasmid (Pharmacia). The BglII fragment (1.5 kb) of pGAD10-ATF-4 was directly cloned into the BamHI site of the GST plasmid to generate the GST-ATF-4 fusion plasmid.
C-terminal deletion mutants of ATF-4D364 ± 1053, ATF-4D526 ± 1053 and ATF-4D787 ± 1053: Full length ATF4 cDNA containing BamHI site at 5' end was partially digested with Sau 3A enzyme and the resultant fragments having dierent lengths were cloned inframe into the pGAD10 plasmid.
pcDNA-GFP-ATF4D1 ± 157: PCR ampli®ed GFP gene was cloned into the BamHI site of the pGAD10 ATF4D1 ± 157 to generate pGAD10-ATF4D1 ± 157. Subsequently, the BglII fragment isolated from the pGAD10 GFP-ATF4D1 ± 157 vector was cloned into the BamHI site of the pcDNA vector to generate pcDNA GFP-ATF4D1 ± 157.
Oligonucleotides used
Tax forward and reverse primers: 5'-ATGGCCCACTTCC-CAGG-3' and 5'-TTCGACTTCTGTTTCTC-3'; Tat forward and reverse primers: 5'-ATGGAGCCAGTAGA TCCTAG-3' and 5'-ATCGACCGGATGTGTCTC-3', Nef forward and reverse primers: 5'-ATGGGTGCGAGTGGA TCCAAG-3' and 5'-TAAATGGTATCCCTCTTG-3'; Vpr forward and reverse primers: 5'-ATGACTGAAGCACCA GCAGAGT-3' and 5'-TTGCATGCCTCTAGGG GTTG-3', ATF-4 forward and reverse primers: 5'-AACATGACC-GAAATGAGCTTCC-3' and 5'-GAAGAAAAGGGT CCCCTAGTTG-3' and ATFD1 ± 266 forward primer: 5'-AAGATGGTAGCAAAAGTAAAG-3'.
Yeast transformation
We have screened a yeast two hybrid expression library (obtained commercially from Clontech) derived from human activated PBLs according to the Clontech protocol. Brie¯y, 500 mg each of pGBT9 Tax expression plasmid and the expression library plasmid was transformed into HF7c yeast competent cells. Transformants were plated on synthetic medium lacking leucine, tryptophan and histidine. Four days post transformation primary His+ transformants were selected and assayed for the expression of lacZ by the b-galactosidase ®lter assay.
b-galactosidase ®lter assay
Four days post transformation, primary His+ transformants were lifted with Whatman ®lters which were presoaked in the Z buer/X-gal solution as described in the protocol (Clontech). The ®lters were allowed to freeze in liquid nitrogen for 5 s, then thawed at room temperature. The ®lters were placed onto the ®lters which were presoaked with the same buer and incubated at 308C until the colonies appeared blue.
Plasmid DNA isolation from yeast and sequencing
Total yeast DNA was isolated from b-gal positive colonies as described by the Clontech protocols. Yeast DNA was transformed into leuB-HB101 bacteria (Promega) by the heat shock method. The DNA isolated from the recombinant colonies selected under minimal medium containing ampicillin (50 mg/ml) was subjected to PCR cycle sequencing (New Eng. Bio Lab, Beverley, MA) and analysed by sequencing gel.
Cell lines and media
The human T-cell line, H9 (from ATCC) were maintained in RPMI-1640 supplemented with 10% fetal bovine serum and murine teratocarcinoma F9 cells (from Dr Michael Karin at UCSD) were maintained in DMEM medium supplemented with 10% fetal bovine serum.
RNA isolation, reverse transcription (RT) and polymerase chain reaction (PCR)
In order to isolate the full length ATF-4, poly (A) + RNA was isolated from H9 cells and subjected to reverse transcription using oligo (dT) primers. The resultant cDNA was subjected to PCR using the ATF-4 forward and reverse primers. Ampli®cation reactions were performed using a 1 min denaturation step at 948C followed by a 0.5 min annealing at 558C and 1.5 min elongation step at 728C repeated for 30 cycles.
Expression of GST-Tax and GST-ATF-4 fusion proteins
GST-Tax and GST-ATF-4 recombinant plasmids were transformed into the E. coli strain, DH5a. Overnight grown cultures were diluted 1 : 10 with LB medium containing 100 mg/ml ampicilin then allowed to grow for 1 h. We have added 1 mM IPTG (®nal concentration) and then allowed the bacteria to grow for 3 more hours. The bacterial cultures were harvested, washed with PBS, and lysed by sonication at 48C in NETN (100 mM NaCl, 1 mM EDTA, 20 mM Tris (pH 8.0) and 0.5% NP-40) containing 1 mM DTT, 1 mM PMSF, 2 mg/ml each of aprotinin, leupeptin and pepstatin. The insoluble cell debris was pelleted by centrifugation at 10 000 r.p.m. for 15 min at 48C. The resultant supernatant was mixed with Glutathione-Sepharose beads (Pharmacia) which were presoaked with NETN buer containing 0.5% milk powder and rocked for 30 min at 48C. Non-speci®c proteins bound to beads were removed by washing the glutathioneSepharose beads three times with NETN buer and analysed by SDS ± PAGE.
In vitro binding assay and Western blot analysis
For the in vitro binding assay, ATF-4 protein was cleaved from GST beads at 48C with 2 mg of thrombin per mg of protein in 20 mM Tris HCl (pH 8.0), containing 2.5 mM CaCl 2 and the supernatant was dialyzed against the column buer NETN buer. A 30 ml (approximately 0.3 mg) aliquote of cleaved ATF-4 was added to 25 ml of the glutathione bound GST-Tax fusion protein slurry and incubated at 48C for 1 h in 100 ml of column buer. The beads were washed three times with 0.5 ml of column buer at each time. The beads were suspended in SDS buer, boiled for 5 min and the supernatant was analysed by SDS-polyacrylamide gel electrophoresis (SDS ± PAGE). The proteins were transferred onto nitrocellulose membranes and incubated with the polyclonal antibodies raised in rabbits against ATF-4 (Santa Cruz, Biotechnology). The anity of antibody to the protein was detected with ECL Western blotting detection.
Indirect immuno¯uorescence
For the distribution and colocalization of ATF-4 and Tax, HeLa cells were transfected with 10 mg each of expression plasmids and cells were cultivated on the glass slides which were precoated with poly L-lysine. Cells were prepared for immuno¯uorescence as described previously (Huang and Spector, 1991) . Brie¯y, cells were ®xed with 4% paraformaldehyde in phosphate-buered saline (PBS from Gibco labs.) containing 5 mM MgCl 2 for 20 min, washed twice (5 min each) with PBS followed by two washes in 0.3 M glycine in PBS and once for 5 min in PBS. Cells were then permeabilized with 0.5% Triton on ice for 5 min and washed two times with PBS. Before staining, cells were incubated for 15 min with 3% goat serum in PBS to inhibit the nonspeci®c binding followed by primary antibodies against Tax protein. After 1.5 h, cells were washed three times (10 min each) in PBS, then incubated for 45 min with secondary antibody labeled with rhodamine diluted 1 : 100 in 3% goat serum. Cells were then washed overnight at 48C and covered with No. 1 coverslip in 4% n-propyl gallate and 80% glycerol in 16PBS. Cells were viewed and photographed on a Nikon (Melville, NY) UFX-II a microscope equipped with camera. Confocal microscopy was performed on a Bio-Rad MRC 1024 laser-scanning confocal system on a Zeiss using a 4061.3-na oil objective.
Transfections and chloramphenicol acetyl transferase (CAT) assays
Murine F9 testicular teratocarcinoma cells were transfected using the CaPO4 method. In general, 7 mg of DNA was transfected into 2610 5 F9 cells. RcCMV plasmid was used as ®ller DNA to equalize the amount of DNA for each transfection. After 6 h post-transfection cells were incubated with glycerol by the addition of 0.6 ml of 15% glycerol (vol/vol) in PBS for 2 min, followed by washing the cells two times with PBS. Forty-eight hours posttransfection, cells were harvested, washed with phosphate buered saline and then resuspended in 150 ml of 250 mM Tris, pH 7.8. The cell extract was prepared by three freeze (7708C) thawing (378C) cycles followed by a brief centrifugation to remove cell debris. CAT assays and separation of reaction products were performed as previously described (Reddy et al., 1995) . The fold of transactivation was quantitated by scintillation counting of the spots cut from TLC plates.
